The gene encoding esterase enzyme was cloned from a metagenomic library of cow rumen bacteria. The esterase gene (est1R) was 2,465 bp in length, encoding a protein of 366 amino acid residues, and the molecular weight of the enzyme was 61,166 Da. Est1R of rumen cosmid library shared 5.9% amino acid identity with Est1R (P37967) of PNB carboxylesterase, 6.1% with Est1R (1EEAA) of acetylcholinesterase and 6.1% with Est1R (1H23A) of chain A. BlastP in NCBI database analysis of Est1R revealed that it was not homologous to previous known lipases and esterases. Est1R showed optimum activity at pH 7.0 and 40 o C. On the other hand, the enzyme was found to be most active without organic solvent, followed by 95% activity with methanol, and the enzyme activity was highly affected by hexane (lost 51% activity). Therefore, the novel esterase gene est1R is likely obtainable from cow rumen metagenome and may be utilized for industrial purposes.
Introduction
Screening of novel biocatalysts from isolated microorganisms using traditional cultivation techniques has limits in exploring the vast genetic diversity of environmental microorganisms because more than 99% microbes present in various environments cannot be cultured [8, 25, 33] . Recently, there has been an increase in the number of studies using a metagenomic approach to investigate the catalytic potential of non-cultured microorganisms [34] . In search for novel biocatalysts, there are various metagenomic strategies that are used for targeting specific catalyst characteristics such as substrate range or temperature and pH optima [7, 9] . This approach has been used successfully to find a wide variety of novel catalysts and secondary metabolites [26, 39] .
Microbial lipases and esterases are currently receiving considerable attention because of their potential applications in biotechnology for food processing, surfactant composition, detergents, oil manufacture, diagnostics, and optically active drugs [5, 24] . Recently, novel lipolytic enzymes and genes have been identified from metagenomic libraries of soil [7, 23] , hot spring sediments [30] , pond water [29] , and alkaline soda lakes [28] . Lipolytic enzymes, including lipases (EC 3.1.1.3) and esterases or carboxylesterases (EC 3.1.1.1), have been found in a wide range of organisms from bacteria to humans [18, 19] .
Natural substrates for esterase in ruminal contents are not well established. There is evidence that ruminal contents contain esterase that degrades aliphatic esters to their constituents [17] and triglycerides to their component fatty acids and glycerol [6] . Plant triglycerides and other lipid-like materials are not extensively degraded in the rumen, but are subjected to partial hydrolysis. Strains of ruminal Butyrivibrio fibrisolvensare known to hydrolyze saponins [13] and tributyrin [22] . Morris and Bacon [15] found that in pasture-fed ruminants, most of the neutral lipids in feedstuffs are in the form of galactosyl-diglycerides, which could be first degraded by galactosidases to yield diglycerides [27] . These diglycerides could then be degraded by esterases or lipases, or both [17, 27] . Other suggested esterase substrates found in feed-stuffs or in rumen microorganisms, or both, include plant sterols, lechithin, lyolecithin, and aliphatic esters [27] .
Also, Lanz and Williams [22] showed that B. fibrisolvens degraded an aliphatic insecticide, di-n-butyl succinate, and also a carbamate insecticide, benzo(α)thien-4-yl-methylcarbamate [36] . Streptococcus bovis [16] . Furthermore, Fay et al. [10] investigated the ability of seventy-four strains of rumen bacteria comprising 20 genera for the ability to hydrolyze p-nitro-
There are many reports on the cloning and expression of microbial lipases and esterases [20, 21] , but very little has been reported on rumen bacteria as a source of enzymes.
In this study, a novel carboxylesterase gene has been cloned and characterized from a cow rumen metagenomic library.
Material and Methods

Sampling
Samples of rumen content were obtained from a closed herd at the Chinju National University (Chinju, Korea). The animals were rumen-fistulated Korean cows (HANWOO) with the body weight of 400±10 kg, fed a mixed ration (rice hull and concentrate in a 4:1 ratio) twice a day. The concentrate was purchased from Daehan Food (Ulsan, Korea). Representative samples of total rumen contents were collected from the animal via the ruminal fistula before the morning feeding. The samples on ice were immediately transferred into an anaerobic box and stored at -80°C.
Media and growth conditions
Escherichia coli DH5α was cultured in Luria-Bertani (LB) medium (Bacto-tryptone 10 g, yeast extract 5 g, NaCl 5 g per ml), and recombinant E. coli DH5α cells was cultured in LB medium containing appropriate antibiotics (ampicillin, 50 μl ml -l kanamycin 50 μl ml -l chloramphenicol, 12.5 μl ml -l ) at 37°C [32] .
Recombinants DNA techniques
Plasmid DNAs were isolated by an alkaline method [14] and NucleoGen Plasmid Purification Kit (NucleoGen, Seoul, Korea). Large scale chromosomal DNA from rumen were isolated by the method described by Frederick et al. [11] .
Standard procedures for restriction of endonuclease digestions, agarose gel electrophoresis, and purification of DNA from agarose gels, DNA ligation, and other cloning related techniques were followed as described by Sambrook et al. [32] . Restriction enzymes and DNA modifying enzymes were purchased from Gibco-BRL (Gaithersburg, MD, USA), 
Construction of cow rumen metagenomic library
A genomic library was constructed in the fosmid vector pCC1FOS as previously described [35] . Total genomic DNA from cow rumen was sheared into approximately 40 kb fragments using a syringe needle, size-fractionated on a 5 to 40% linear sucrose gradient and then end-repaired to yield blunt, 5'-phosphorylated ends. The resulting DNA fragments were ligated with the cloning-ready pCC1FOS vector, and then packaged using a lambda DNA packing kit (Epicentre, Wisconsin, USA). We constructed cow rumen metagenomic library following Cho et al. [2] . The BLAST program was 
Cloning and sequencing of esterase genes
The PCR primers used for first amplification, which amplified rDNA fragments, were the est1R primer (#1102) The anticipated product of approximately 1,500 bp, 900 bp, 600 bp, and 1,300 bp were isolated afteragarose gel electrophoresis of the amplified mixture using a gel extraction kit (NucleoGen, Seoul, Korea). PCR products were directly cloned into the pBluescript II KS+ & SK+ (Stratagene ® ) and the recombinant colonies were randomly picked up. Plasmid DNA was purified as previously described [14] . Nucleotide sequences were determined by the dideoxy-chain termination method using the PRISM Ready Reaction Dye terminator/primer cycle sequencing kit (Perkin-Elmer Corp.). Purification of expressed His6-tagged protein was carried out accordingly as previously described by Guo et al. [12] and protein (OpdB) was eluted with 100 mM imidazole with 0.1% Triton X-100. The purified protein sample was analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The protein concentration was determined by the method of Bradford [3] .
Purification and characterization of esterase enzyme
Optimization of pH, temperature, effects of inhibitor substances on enzyme activity
The esterase activity for pNP-butyrate was measured over a pH range from 3.0 to 11.0 by using different buffers. For the preparation of 100 ml sodium phosphate buffer for pH 3.0, 79.45 ml 0.1M citrate and 20.55 ml 0.2M Na2HPO4 for pH 4.0, 61.45 ml 0.1M citrate and 38.55 ml 0.2M Na2HPO4 for pH 5.0, 48.50 ml 0.1M citrate and 51.50 ml 0.2M Na2HPO4 for pH 6.0, 36.85 ml 0.1M citrate and 63.15 ml 0.2M Na2HPO4 for pH 7.0, 17.65 ml 0.1M citrate and 82.35 ml 0.2M Na2HPO4 for pH 8.0, 95.51 ml 0.1M Na2HPO4 and 4.49 ml 0.1M HCl; for pH 9.0, 95.50 ml 0.1M Na2HPO4 and 4.50 ml 0.1M HCl; for pH 10.0, 50.00 ml 0.2M NaHCO3, 21.4 ml 0.2M NaOH, and 28.60 ml H2O and for pH 11.0, 50.00 ml 0.2M NaHCO3, 21.4 ml 0.2M NaOH, and 4.60 ml H2O were mixed. The opti- 
Results
Construction of a metagenomic library Rumen microbial DNA was prepared from rumen fluid (RF), epithelium (RE), and solid (RS) to construct a rumen metagenomic library. The prepared DNA ranged mostly from 10 kb to 35 kb in size as confirmed by pulsed-field gel electrophoresis. The DNA was size-fractionated and further purified to construct a cosmid library. Most of the purified DNA ranged from over 30 kb, which is the optimum size for cloning in a cosmid. We obtained 200,000 clones from rumen metagenome DNA and maintained these for activity-based screening. The average insert DNA size was estimated at 40 kb when 60 randomly picked clones were analyzed by preparative pulsed-field gel electrophoresis after BamHI digestion. Clones conferring esterase activity on E. coli were selected on LB agar supplemented with 1% tributyrin by screening the rumen cosmid library. Among 61 and pKE103 clones did not show esterase enzyme activity. pKE100 was selected for further characterization.
Primary structure of est1R
The est1R is 2,465 bp in size and the ORF of est1R starts the ATG initiation codon and the reading frame ends with the opal stop codon TGA (Fig. 2) . The est1R encodes a protein of 549 amino acids with a predicted molecular mass of 61,166 Da (Fig. 3) . Calculated pI of Est1R is 5.34. The four conserved regions among the esterase enzyme were shown in Table 1 .
Comparison of amino acid sequence similarity of Est1R with other esterases
The amino acid sequence of the esterase enzyme from ru- Table. 1. The two conserved regions found in the esterase enzymes catalytic triad to find polypeptides related to Est1R. Est1R of rumen cosmid library shared 5.9% amino acid identity with Est1R (P37967) of PNB carboxylesterase, 6.1% with Est1R (1EEAA) of acetylcholinesterase and 6.1% with Est1R (1H23A) of Chain A. We have constructed a phylogenetic tree of the esterase enzymes by the DNAMAN analysis system using above sequences, as shown in Fig. 4 . Effect of pH, temperature and organic solvents on
Est1R activity
The effects of pH, temperature and organic solvent on the Est1R activity were studied. The Est1R showed highest relative activity at pH 7.0 (Fig. 5A) hr with a half-life of about 14 hr. To test the effects of organic solvents on Est1R activity, assays were performed at 1 hr intervals in various organic solutions. The enzyme was found to be most active without any organic solvent (100%), followed by 95% active with methanol and highly affected by the hexane (lost 51% activity) ( Table 2 prehensive analysis of an organism's genetic material) [31] .
Metagenomics can be used to address the challenge of studying prokaryotes in the environment that are, as yet, unculturable and which represent more than 99% of the organisms in some environments [1] . In this study, a cow rumen metagenomic library was constructed and screened for the esterolytic clones. Some previous environmental DNA libraries contained several hundred of thousand clones with small inserts and required screening of a large number of clones [25, 33] . However, our approach of library preparation in a fosmid and subsequent subcloning was more efficient in searching for esterolytic activity. Fosmids are good vectors for constructing metagenomic libraries because of their high cloning efficiency, improved stability in E. coli, and large insert size [23] . Our results indicate that the esterase activity obtained in this study could be somewhat different from the esterase of previously cultured bacteria. Therefore, there is a high probability of obtaining novel biocatalysts from the rumen cosmid metagenome; this probability was also indicated in a recent study. Previously, esterase active genes were obtained from rumen [37] . In this respect, we examined the esterase activity of the three enzymes from the rumen meta- In conclusion, the esterolytic enzyme obtained in this study is novel, suggesting that isolating enzymatic activities from metagenomes such as the rumen is supposed to be a useful approach to identifying novel biocatalysts. Thus metagenomic approaches are not only useful solely for the discovery of diversity but also have practical applications in the discovery of novel enzymes for industrial and agricultural use. The list of reported enzyme activities discovered via metagenomics (lipase, esterase, amylase, nuclease, chitinase, and xylanase) is still rather small, but will undoubtedly grow rapidly.
